1. Introduction
===============

Osteoporosis is a systemic bone disorder with decrease in bone mineral density and degradation of skeletal microarchitecture. Asymptomatic osteoporosis can be observed in daily life, but the fracture may cause serious problems after a substantial trauma, even like a fall, sudden bending, lifting, or jumping movements. Osteoporotic vertebral compression fractures (OVCFs) are one of the most common complications of osteoporosis.^\[[@R1]\]^ OVCFs commonly afflicts most aged people resulting back pain, substantial vertebral deformity, functional disability, decreased quality of life and increased adjacent spinal fractures and mortality both in the short term and long term. OVCFs have a prevalence of \>30% in the population older than 65 years during the remainder of their lifetimes, and they have become a more increasingly serious disease and a significant health problem worldwide that will obviously increase social and economic burdens to society and family.^\[[@R2]\]^

When progressive spinal deformity occurred, subsequent to sagittal imbalance, overload posterior element of facet joints, paraspinal muscles, occasionally impingement of spinous processes, sympathetic nerve, or spinal nerve.^\[[@R3],[@R4]\]^ Although the exact mechanism of pain remission remains unclear, pain is likely to be attributable to vertebral body and other factors such as paravertebral muscles, tendon,^\[[@R5]\]^ facet joint,^\[[@R6]\]^ sympathy nerve, and radiculopathy due to foraminal height or space decreases with vertebral body collapse, facet hypertrophy, decreased disc height, and foraminal or extraforaminal disc herniations.^\[[@R7]\]^ Various nonsurgery treatments including conservative treatment (CT), percutaneous vertebral augmentation (PVA, both PVP and PKP) and nerve block (NB), are performed with the goal of reducing pain, stabilizing the vertebrate, and restoring mobility. CT was considered the gold standard for treating OVCFs in the past, which includes treatments with a combination of antiosteoporotic drugs, short periods of bed rest or bedridden, postural reduction, various pharmacological agents, recreational therapy, bracing, and physical therapy.^\[[@R8]\]^ However, CT is certain effectively, and approximately one-third of patients remain persistent pain and progressive functional limitation.^\[[@R9]\]^ Moreover, CT does not restore vertebral height or reverse segmental kyphosis, and has many complications such as pneumonia, urinary infection, bed sores, bone demineralization, and deep vein thrombosis which are used to relieve symptoms and strengthen the spine. In PVP, polymethylmethacrylate (PMMA) is injected into the vertebral body to stabilize the fracture and release pain. In PKP, an inflatable bone tamp is used to restore segmental kyphosis or alignment, followed by injection of PMMA.^\[[@R10]\]^ While PVA is a minimally invasive procedure, it cannot be performed without risk, and complications including pulmonary embolism, infection, costly and paraplegia, and an increase in new adjacent vertebral compression fractures. However, nerve block could break vicious cycle to reduce pain,^\[[@R11]\]^ which is lower risk and less costly. Under the nerve block before PVP, the exact fracture level can be diagnosed by elimination of radiating pain and patients with OVCFs lie down with less painful during the procedure.^\[[@R12]\]^ Nerve block is an option or adjuvant in treating painful OVCF,^\[[@R13]\]^ but does not restore spine anatomy.

To address this controversy, it is inevitable to conduct an NMA to ascertain the relative short-term and long-term efficacy of PVP, PKP, NB, and CT for patients with acute/subacute and chronic OVCFs, respectively. Because the former NMA on OVCFs were only analyzed PVP, PKP, and CT treatments without nerve block, and time-dependent on acute/subacute and chronic OVCFs for short-term (\<4 weeks) and long-term (≥6--12 months) follow-ups,^\[[@R8],[@R14],[@R15]\]^ Moreover, malignancy-related spinal fractures was analyzed in this NMA.^\[[@R16],[@R17]\]^

2. Methods
==========

2.1. Data sources and search strategy
-------------------------------------

PubMed, Embase, Web of Knowledge, and the Cochrane Central Register of Controlled Trials (CENTRAL) were search by 2 independent reviewers until October 31, 2017. Language or publication was limited to English. The search strategy will include related title, abstract, medical subject headings (MeSH) on RCTs regarding the nonsurgery treatment (PVP, PKP, CT, NB) of OVCFs. Related systematic reviews and meta-analyses were searched for additional-related studies. All analyses were based on previous published studies, thus ethical approval and patient consent were not required.

2.2. Study selection
--------------------

Titles and abstracts of the identified searches were independently screened by 2 investigators. Any disagreement was resolved by a third reviewer. RCTs were included patients with OVCFs, published in full in English, and had a control group that underwent PVP, PKP, NB, or CT. Trials were excluded without fulfilling the eligibility criteria. After removing the duplicated and apparently unrelated studies, the remaining publications in full text were reviewed and confirmed. The most complete data and the longest follow-up were included during the multiple repeated data set trials. Excluded trials and the reasons for exclusion were summarized and ascertained by a third investigator. The main outcome variables on acute/subacute and chronic OVCFs were pain intensity (visual analog score, VAS) at short-term and long-term follow-ups. Nonrandomized trials, reviews, reports, abstract, meeting proceedings, comments, editorial, and letters were excluded.

2.3. Data extraction
--------------------

Two investigators will independently extract the following information: trial characteristics, patient characteristics (such as mean fracture age, fracture site, fracture number, and follow-up), intervention details for each treatment group and outcome measures (VAS). Data were recalculated or measured by graphs when there is no direct information in the texts.^\[[@R14],[@R18]\]^ Any disagreements were resolved by consensus among all the investigators.

In order to analysis quantitative and time-dependent effects, the outcomes were analyzed as short term (≤4weeks) and long term (≥6--12 months) on acute/subacute (≤8weeks) and chronic (\>8 weeks) OVCFs. In cases where multiple time points were assessed, we utilized those closest to 4 weeks for the early and 6 to 12 months for the late groups.^\[[@R19]\]^ The data closest to the 4 weeks consider as the short term, closest to the 12 months as the long term.

2.4. Risk of bias assessment
----------------------------

The study quality was assessed the risk of bias according to the Cochrane Handbook by 2 independent investigators. The criteria for assessment involve 7 aspects, that is, random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Each of the domains is determined as follows: "+," low risk of bias; "?," unclear risk of bias; "−," high risk of bias. Discrepancies were resolved via a consensus with a third reviewer.

2.5. Statistical analysis
-------------------------

For continuous outcomes of VAS, the mean difference (MD) with 95% confidence interval (CIs) was used to evaluate the effects of different treatments.^\[[@R14]\]^ The risk of bias summary was conducted by the RevMan software (version 5.3). The automated software Aggregate Data Drug Information System (ADDIS, version 2.0, GZ Groningen, the Netherlands), using Markov chain Monte Carlo methods in a Bayesian framework, was used for evaluating consistency with the node-splitting analysis. A consistency model was adopted when a *P*-value\>.05 was observed during the comparison between direct and indirect evidence, and an inconsistency model was selected otherwise. NMA were performed acute/subacute (≤8 weeks) and chronic fractures (\>8 weeks) based on the duration of short term (\<4 weeks) or long term (≥6--12 months) follow-ups, respectively.^\[[@R20]--[@R23]\]^ The convergence of iterative simulation was interpreted by the potential scale reduction factor (PSRF) calculated by the Brooks--Gelman--Rubin method. The rank probability for each treatment was also estimated graphically with the ADDIS software. Finally, funnel plot was used to verify the potential for publication bias.

3. Results
==========

3.1. Included studies
---------------------

The PRIMSA flow chart was illustrated in Figure [1](#F1){ref-type="fig"}. After omitting duplicates and screening, 1409 literatures were identified from electronic database, 454 literatures could be reserved. Around 955 publications literatures were excluded by the inclusion criteria. For 76 records with full-text publications, 378 were weeded out, since they did not include proper comparisons, targeted outcomes, or might report an identical trial.

![PRISMA flow diagram of the study selection process.](medi-97-e11544-g001){#F1}

3.2. Characteristics of included studies and quality assessment
---------------------------------------------------------------

After publications identified and checked, 27 RCTs^\[[@R21],[@R22],[@R24]--[@R48]\]^ meet the inclusion criteria. The duplicate set of patients from multiple RCTs were regarded as one RCT named by the complete data and latest one or two, leaving a total of 18 RCTs^\[[@R22],[@R24],[@R25],[@R27],[@R28],[@R30],[@R32],[@R36],[@R37],[@R39]--[@R47]\]^ compared the efficacy of PVP, PKP, NB, and CT in the aspects of VAS. The primary traits were listed in Table [1](#T1){ref-type="table"}, indicating that a total of 1994 patients, the mean age of the patients above 60 and majority of female (551 males and 1443 females). The individual trial sample size ranged from 16 to 191 patients. Among these 18 trials, VAS was the most frequent reported outcome by all the trials. Of the 18 RCTs, 7 RCTs compared PVP with CT, 4 RCTs compared PVP with PKP, 1 RCT compared PVP with NB, 1 RCTs compared PKP with CT, 3 RCTs compared PKP with sham, and 1 RCT compared NB with Sham (Fig. [2](#F2){ref-type="fig"}).

###### 

Study characteristics of intervention and measurement of RCTs.
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![Network diagram of the treatments acute/subacute and chronic OVCFs for short-term (a, b)/long-term (c, d). CT = conservative treatment, NB = nerve block, PKP = percutaneous kyphoplasty, OVCFs = osteoporotic vertebral compression fractures, PVP = percutaneous vertebroplasty.](medi-97-e11544-g003){#F2}

We considered 8 studies in the NMA for the acute/subacute OVCFs in short- and long-term follow-up, 7 studies for the chronic OVCFs in short term, 6 studies for the chronic OVCFs in long term. The results of the NMA might suggest that PVA (PVP and PKP) had better efficacy than CT in the case of the acute/subacute OVCFs in short term. PVP might be the first option in terms of acute/subacute OVCFs in short term. PKP showed the greatest probability of being the efficacy therapy on acute/subacute OVCFs in long term, and chronic OVCFs in short and long term. The analysis of probability on acute/subacute OVCFs for being the pain relief treatment showed that NB ranks higher probability than PKP and PVP in short and long term, respectively (Fig. [3](#F3){ref-type="fig"}).

![(a--d) Rank probability of the best treatment. Graph shows the probability analysis of the best treatment for acute/subacute OVCFs for short-term (a) and long term (b) probability of the best treatment for chronic OVCFs for short term (c), and probability of the best treatment for chronic OVCFs for long-term (d). CT = conservative treatment, NB = nerve block, OVCFs = osteoporotic vertebral compression fractures, PKP = percutaneous kyphoplasty, PVP = percutaneous vertebroplasty.](medi-97-e11544-g004){#F3}

The methodological quality in 18 RCTs was assessed as low risk of bias, especially in the domain of the "selection bias, attribution bias and reporting bias." We found an unclear risk of bias domain in the "other bias." The probability of bias in all domains was not considered as high risk of bias (Fig. [4](#F4){ref-type="fig"}). A node-splitting analysis was conducted to check for inconsistencies and showed that *P*-values were all \> .5, indicating a lack of significant inconsistency. In addition, PSRF for the outcomes was between 0.99 and 1.01, suggesting a complete convergence and good iteration simulation. Given these results, a consistency model was adopted for NMA. Publication bias was not assessed because the number of trials was limited on acute/subacute and chronic OVCFs in short term and long term, respectively (\<10).

![Results of quality assessment. (A) Summary of the risk of bias for included randomized clinical trials. (B) Graph of the risk of bias for included randomized clinical trials.](medi-97-e11544-g005){#F4}

4. Discussion
=============

OVCFs commonly afflicts most aged people resulting back pain, substantial vertebral deformity, functional disability, depression, stroke, decreased quality of life, and increased adjacent spinal fractures and mortality. When progressive spinal deformity occurred, subsequent to sagittal imbalance, overload anterior element of endplate and posterior element of facet joints, paraspinal muscles, occasionally impingement of spinous processes, sympathetic nerve, or spinal nerve.^\[[@R4]\]^ MR signal changes in facet joints and endplate due to subsequent impact of kyphosis.^\[[@R6],[@R49]\]^ Sagittal imbalance was present by radiologic factors, like pelvic incidence, pelvic tilt, lumbar lordosis, and thoracic kyphosis.^\[[@R50]\]^ Increased sagittal vertical axis is correlation with less pain relief following vertebroplasty.^\[[@R51]\]^ The von Mises stresses increased under flexion load, vertical compression load have been also confirmed by finite element analysis (FEA), which simulates the mechanical behavior spinal fracture.^\[[@R52]\]^ Although the exact mechanism of pain remission remains unclear, there were several categories of axis and nonmidline pain from OVCFs patients.^\[[@R53]\]^ Pain is likely to be attributable to vertebral body and other factors such as paravertebral muscles, tendon,^\[[@R5]\]^ facet joint,^\[[@R6]\]^ sympathy nerve, and radiculopathy due to foraminal height or space decreases with vertebral body collapse, facet hypertrophy, decreased disc height, foraminal, or extraforaminal disc herniations^\[[@R7]\]^ (Fig. [5](#F5){ref-type="fig"}). In some instances, thoracic and lumbar OVCFs without definite canal compromise cause radiculopathic radiating pain and claudication.^\[[@R53]\]^ Nonmidline pain included radicular pain and referred pain, which is a well-discriminated neurogenic pain caused by nerve impingement, whereas distant referred "pain is referred to the region corresponding roughly to the somatic distribution of the afferent fibers of the spinal nerve with which the afferent sympathetic fibers enter the spinal canal."^\[[@R53]\]^ Although around one-third of OVCFs is clinically diagnosed and treated, approximately 10% to 20% patients with OVCFs may develop to chronic back pain (CBP) and impair quality of life. Therefore, various nonsurgery treatments including PVA (PVP/PKP), NB, and CT are performed with the goal of reducing pain, stabilizing the vertebrate, and restoring mobility.

![A graphic model of pain action with OVCFs. OVCFs = osteoporotic vertebral compression fractures.](medi-97-e11544-g006){#F5}

Numerous trials had certified that PVA could spontaneously relieve pain when pain mainly origin from the fracture itself,^\[[@R3]\]^ which was consistent to our result that PVA(PVP/PKP) had better performance than CT in pain relief. The exact mechanism of pain remission in PVP remains controversial. This function was possibly achieved in at least two known ways, mechanical stabilization reducing microfractures of the fractured site applied to nociceptive endings within the bone, as well as thermal necrosis or chemotoxicity of intraosseous pain receptors.^\[[@R54],[@R55]\]^ However, the treatment-related adverse events cannot be ignored, such as the cement leakage, the incidence was reported as approximately 33% in the PVP arm.^\[[@R56]\]^ In consideration of the existence of cement "container" for PKP with lower the incidence of cement leakage than PVP, but still have hazard factors to cause paraplegia in a certain probability.^\[[@R8]\]^ However, the therapeutic effect of PVP for OVCFs was questioned owing to 2 NEJM multicenter, randomized, placebo-controlled trials, reporting that sham injection (local anaesthetic as "control" group) provided similar pain relief and restoration of function as PVP.^\[[@R37],[@R46]\]^ Different patient population of fracture age (mean fracture age from 8.7 to 19.5 weeks) and treatment were possibly contributed the majority of patients to this report. Both PVP and control groups in these 2 studies had local anesthetic with bupivacaine infiltrated around the posterior elements of the spine (facet joints and spine periosteum). Administration of local anesthetics agents reportedly creates as a nerve block to have long-term pain relief benefits through complex neurophysiologic mechanisms.^\[[@R57]\]^ These factors might contribute to the impaired effect of PVP for some chronic OVCFs. For a more convincing conclusion, more and large sample size of RCTs with sham controls should be fulfilled.^\[[@R58]\]^

Nerve block could break the vicious pain cycle to release pain for short term or long term,^\[[@R11]\]^ which is lower risk and less costly. NB ranks higher probability than PKP and PVP on acute/subacute OVCFs in short and long term, respectively. Several studies showed numerous nerve block of successful treatment in OVCFs patients, such as facet joint block for thoracolumbar or lumbar axial pain, bilateral or unilateral hip pain, and referred pain of the low extremities,^\[[@R59]\]^ only facet joint block,^\[[@R3],[@R60]\]^ PVP with facet joint block^\[[@R12],[@R61]\]^ or medial branch block of the facet joint for thoracic or lumbar vertebral bodies,^\[[@R62]\]^ gray ramus communicans nerve block in thoracic and lumbar spine,^\[[@R63]\]^ nerve-root injections for thoracic or lumbar radiculopathy,^\[[@R64]\]^ L2 spinal nerve block for acute/subacute midlumbar compression fracture,^\[[@R28]\]^ and radiofrequency resulted in short-term or long-term pain relief.^\[[@R19],[@R65]\]^ Nerve block is an option in treating painful OVCFs in the AAOS Clinical Practice Guideline,^\[[@R13]\]^ but does not restore vertebral height or reverse kyphotic deformity. Nerve block is effective in relieve pain in patients with OVCFs and that these patients should be recognized for this treatment as an alternative or adjuvant choice before PVA.^\[[@R64]\]^

Our network meta-analysis has some limitations regarding 3 categories of heterogeneities methodological, clinical, and statistical forms. Methodological heterogeneity varies in the demographics and co-morbidities of all of the included trials participants were not reported. The clinical heterogeneity differs in inclusion--exclusion criteria (e.g., the fracture age, the volume of cement, bilateral or unilateral, and time endpoints). Moreover, various antiosteoporotic drugs in certain patients were not examined due to lacking of information. The investigated outcomes were restricted to the quality of current trials which mostly potency on pain relief. Around 64% and 70% of patients in papers by Buchbinder et al and Kallmes et al, declined to participate in those trials, respectively, raised major concerns selection bias. Owing to the limited number of included trials and various outcomes measures, we could not analyze the influence of other clinically relevant factors, for example, initial medication, daily life, and vertebral fractures site, number and types. Incomplete data and potentially biased outcomes were caused by missing information such as loss to follow-up, declining participation, and crossover. But some of them used ITT analysis to presumably decrease the bias. Therefore, further high quality, large sample size and more research indexes RCTs between different treatments were demanded to replenish this NMA to offer more invaluable and convincing conclusion.

5. Conclusion
=============

The present results suggest that PVA (PVP/PKP) had better performance than CT in alleviating acute/subacute and chronic OVCFs pain, NB may be used as an alternative or before PVA, as far as pain relief is concerned. NB without restoration vertebral height or correction segmental kyphosis, has some advantages over PVA with lower risk and less costly, and associated complications, such as vein embolism and neural injury. Therefore, various nonsurgery treatments including conservative treatment, PVA (PVP /PKP), nerve block, or a combination of these treatments are performed with the goal of reducing pain, stabilizing the vertebrae, and restoring mobility.
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